The natural history and histological development of lupus nephritis have been studied in detail in our laboratory (1, 2). The glomeruli were more severely involved histologically than were the tubules at all stages of development of lupus nephritis. In the early stages (lupus glomerulitis) the histological abnormalities were confined to the glomeruli. Only when the glomerular involvement became considerably more severe was there histological evidence of tubular degeneration and interstitial fibrosis and inflammation (lupus glomerulonephritis). Even in lupus glomerulonephritis, histological abnormalities of the tubules and interstitial tissue were considerably less severe than in other types of glomerulonephritis. These histological observations were reflected functionally, in that ability to concentrate the urine and to excrete phenolsulfonphthalein were preserved until comparatively late in the disease.
The natural history and histological development of lupus nephritis have been studied in detail in our laboratory (1, 2) . The glomeruli were more severely involved histologically than were the tubules at all stages of development of lupus nephritis. In the early stages (lupus glomerulitis) the histological abnormalities were confined to the glomeruli. Only when the glomerular involvement became considerably more severe was there histological evidence of tubular degeneration and interstitial fibrosis and inflammation (lupus glomerulonephritis). Even in lupus glomerulonephritis, histological abnormalities of the tubules and interstitial tissue were considerably less severe than in other types of glomerulonephritis. These histological observations were reflected functionally, in that ability to concentrate the urine and to excrete phenolsulfonphthalein were preserved until comparatively late in the disease.
In a previous paper of this series (3) the alkaline phosphatase and lactic dehydrogenase (LDH) activities of individual anatomical and functional units of the nephron were reported for healthy kidneys, and for a variety of diseases which affect primarily the renal tubule, i.e., diseases associated with a functional imbalance between tubules and glomeruli. In this paper, the results of assays of the activities of these two enzymes will be reported for lupus nephritis-a disease in which there appears to be histological and functional imbalance between glomeruli and tubules.
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MATERIAL AND METHODS
Clinical material A total of 19 kidney specimens was analyzed for alkaline phosphatase and LDH activity. Eighteen specimens were taken by percutaneous renal biopsy (4) , and 1 specimen was obtained at autopsy. Nine specimens were analyzed on 4 patients, studied serially, and a biopsy and autopsy specimen were taken from 1 patient.
An independent and detailed histological analysis was made on each specimen according to the methods previously described (1) . On the basis of this analysis the specimens assayed for enzyme activity were divided into the following groups. 1. Lupus glomerulitis (5 biopsies). This term was used to indicate a proliferative and/or membranous lesion of the glomerular tufts in the absence of significant tubular damage or changes in the interstitial tissue (1) . The glomeruli were involved to a mild degree in all five.
2. Lupus glomerulonephritis (12 biopsies). This term was used to indicate a more severe membranous and/or proliferative lesion of the glomeruli, associated with definite tubular and interstitial tissue changes (1) . The kidneys with lupus glomerulonephritis were subdivided into two groups as shown below. a) Active lupus glomerulonephritis (5 biopsies). Definite morphologic evidence of activity was observed in the glomerular lesions, i.e., one or more of the following histological features was prominent: local necrosis, karyorrhexis, hematoxyphil bodies, fibrinoid "hyaline" thrombi, and "wire loops" (1, 2). Two of the five patients were receiving prednisone (15 and 20 mg daily) when the biopsy was taken; the other three had not been treated. b) Healed or healing lupus glomerulonephritis (7. biopsies). Thickening of the glomerular basement membrane was the predominant lesion found in these biopsies, all or most of the active lesions present in previous biopsies from the same patients having disappeared. The abnormalities found in the tubules and interstitial tissue were similar to or less severe than those found in active lupus glomerulonephritis (2) . All the patients had been treated with large doses of prednisone (40 to 60 mg 1394 daily) for at least 6 months before the renal biopsies were taken (2) .
One biopsy and an autopsy specimen from a single patient were considered separately because, in addition to healing lupus glomerulonephritis, there was partial occlusion of both renal arteries with consequent ischemic changes in the kidneys.
Enzyme assays
The techniques for handling the tissues and for dissection and weighing of the individual units of the nephron have been described (5) . The dissected fragments were assayed for alkaline phosphatase activity and for LDH activity, under conditions found to be optimal for the human kidney (5, 6) . Results were expressed in moles of substrate split or moles of DPNH oxidized per hour at 37°C per kilogram dry weight of tissue (MKH units).
Glomerular weight and density
In the course of dissecting and weighing glomeruli for enzyme assay we observed that glomeruli from kidneys with lupus nephritis appeared to be both larger and heavier than glomeruli from normal kidneys. A statistical comparison was therefore made of the weights recorded on 130 glomeruli from normal adult kidneys and 234 glomeruli from kidneys involved with lupus nephritis. In addition, the diameters of the glomeruli from each specimen were measured on the stained control sections, using a microscope with a projection viewer. Two measurements were made at right angles to each other on each glomerulus, to obtain an average diameter. Ten glomeruli from each kidney were measured to give an average glomerular diameter for each kidney. The segments of glomeruli which were weighed had been dissected out from 16 , sections and all were spherical segments close to the meridians of the tufts. The polar segments and those near the poles were specifically excluded (the terms "pole" and "meridian" refer to the plane of the section). The ratio of glomerular weight to the square of glomerular diameter was calculated as an index of the density of the glomeruli.
RESULTS
The results of assays for alkaline phosphatase and LDH activities are given in Tables I and II. Alkaline phosphatase activity was within normal limits in the glomeruli of patients with lupus nephritis (Table I) . However, the alkaline phosphatase activity was considerably decreased in the proximal convolutions (t = 7.3, p = < 0.001) and in the distal convolutions (t = 6.36, p = < 0.001). These differences were found both in lupus glomerulonephritis (active and healing) and in lupus glomerulitis, in which the tubules were normal histologically.
LDH activity in lupus nephritis was not significantly different from that found in healthy kidneys (Table II) , except in the case of the proximal convolutions in which the activity was slightly higher (t = 2.82, p = < 0.02). However, significant differences were evident when the kidneys with lupus nephritis were subdivided, on the basis of the histology, into lupus glomerulitis and lupus glomerulonephritis. In lupus glomerulitis the LDH activity was slightly, but not significantly, less than that found in healthy kidneys. However, the LDH activity of proximal convolutions was increased significantly above normal, both in active (t = 4.4, p = < 0.01) and in healing lupus glomerulonephritis (t = 3.22, p = < 0.01). The activity in the distal convolutions was increased slightly above normal, but the differences were of questionable significance (active, t = 2.31, p = < 0.05; healing, t = 2.15, p = 0.05). No differences were observed between the LDH activity in the nephron in active and in healing lupus glomerulonephritis.
From these data it will be noted that there were significant differences between the enzyme activities in lupus glomerulitis and lupus glomerulonephritis, and this was found for all units of the nephron analyzed. There was virtually no overlap between the activities found in these two groups (glomeruli, t = 4.26, p = < 0.001; proximal convolutions, t = 6.34, p = < 0.001; distal convolutions, t = 3.04, p = < 0.02; medullary rays, t = 3.16, p = < 0.02). An analysis of variance (7) was also done in order to assess the significance of the variations within the three subgroups of lupus nephritis. This showed that the differences between the mean activities for the three groups, taking into account the individual variation within each group, were significant in the case of the glomeruli (F = 4.19, p = < 0.05), highly significant in the case of the proximal convolutions (F = 11.2, p = < 0.01), but not significant for the distal convolutions (F = 2.85, p = > 0.05).
Effect of ischemia on enzyme activity. The data from one patient with healing lupus glomerulonephritis, studied on two occasions, are not included in Tables I and II . In addition to lupus nephritis an old thrombosis was present in the aorta of this patient, extending to the bifurcation and partially occluding the renal arteries. Histologically, there was evidence of patchy, severe ischemic changes in addition to the lesions of lupus glomerulonephritis. The enzyme activities in the glomeruli and convoluted tubules of this patient are given in Table III. In the nonischemic nephrons the levels of activity of both enzymes were comparable with those found in other cases of lupus glomerulonephritis, whereas extremely low enzyme activities were found in severely ischemic nephrons. [5] [7] [7]
[5]
* Results, expressed in MKH units, are means with standard errors. The number of fragments of tissue analyzed is given in brackets.
which, on a weight for weight basis, is approximately four times that used in the patients-had no significant or consistent effect on the enzyme activity of the glomeruli or convoluted tubules.
The weights, diameters and derived densities of the glomeruli from healthy kidneys and from kidneys with lupus nephritis are given in Table VI . The impression that glomeruli of lupus nephritis were heavier than glomeruli from healthy kidneys was confirmed; they were 40 per cent heavier than those of healthy kidneys and the difference was significant statistically (t = 3.6, p = < 0.01). The heaviest glomeruli were found in the group with active lupus glomerulonephritis. The diameter of the glomeruli was increased significantly only in the group with active lupus glomerulonephritis (t = 3.28, p = < 0.01). The density index of the glomeruli (glomerular weight (millimicrograms) X 10) glomerular diameter (microns)2 was somewhat increased in lupus nephritis, as compared to the normal, but this difference was not statistically significant (t = 2.01, p = > 0.05). The greatest density was found in healing lupus glomerulonephritis. Alkaline phosphatase activity was found to be decreased in the proximal and distal convolutions of the tubules in patients with lupus nephritis, but the level of enzyme activity was not related to the presence or severity of morphologic changes in the tubules. The alkaline phosphatase activity of the glomeruli was within normal limits, and there were no apparent effects of glomerular damage of varying severity on the level of enzyme activity found. The coefficient of variation of alkaline phosphatase activity from nephron to nephron in the same kidney was greater for lupus nephritis than for healthy kidneys. However, this was almost certainly due, at least in part, to technical artifact, particularly in the abnormal kidneys analyzed, for alkaline phosphatase activities in them were close to those of the blanks (3, 5) .
By contrast, LDH activity was decreased slightly, but not to a significant degree, only in lupus glomerulitis; whereas there was a slight but statistically significant increase in the activity of this enzyme in the glomeruli and throughout the tubules in lupus glomerulonephritis. The differences between enzyme activity in lupus glomerulitis and lupus glomerulonephritis were statistically significant in the glomeruli and proximal convolutions of the tubules. Thus, there was an inverse relationship between LDH activity and histological evidence of degeneration of the proximal and distal convolutions.
These differences were not related to the presence or degree of renal functional impairment: in lupus glomerulonephritis the average specific gravity concentration was 1.020; the average creatinine clearance was 76 ml per minute; the average urea clearance was 56 per cent of average normal renal function; and the average phenolsulfonphthalein excretion in 15 minutes was 28 per cent. None of these patients excreted excess glucose, phosphate or amino acids in the urine.
The differences in LDH activity did not appear to be related to the dosage of prednisone used to treat these patients. The patients with healing lupus glomerulonephritis were receiving large doses of prednisone, whereas both those with lupus glomerulitis and those with active lupus glomerulonephritis were untreated, or were being treated with small doses of prednisone. Moreover, no significant or consistent effect on enzyme activity was observed when prednisolone was injected into rats.
Glomerular damage in lupus nephritis precedes the appearance of significant structural changes in the convoluted tubules. The morphologic changes in the glomeruli may be very severe before definite tubular damage is evident-in this respect, lupus nephritis differs from many other renal diseases such as glomerulonephritis and pyelonephritis. This could result in a physiological situation in which the renal tubules, particularly the proximal convolutions, perform increased work in reabsorbing from the tubular lumens substances such as protein filtered in excess by the glomeruli, or in excreting other substances into the tubular lumens. Thus, the relative increase in LDH activity in lupus glomerulonephritis might be an enzymatic expression of the preserved function of these tubules and of their ability to respond metabolically to increased metabolic demands. By contrast, in primary renal tubular diseases, the LDH activity of the convoluted tubules was normal in the presence of mild tubular abnormalities and was significantly decreased when the tubules were severely damaged (3). The view that the tubules in lupus glomerulonephritis are capable of responding to increased metabolic demands would be consistent with the hypothesis of Platt, namely, that in chronic renal disease residual functioning nephrons may be capable of normal activities and even of functional adaptations which may result in an increase of work done per residual functioning nephron (8) . The view of Platt has gained considerable support from the studies of Bricker, Morrin and Kime on the adaptive changes in residual nephrons of dogs with experimenal unilateral renal disease (9) . Their investigations strongly suggest that the surviving nephrons in diseased kidneys function normally, and that specific functional sites are not selectively destroyed in different nephrons, a condition which would result in great functional differences from nephron to nephron.
In our studies the coefficient of variation of LDH activity from nephron to nephron in the same kidney was similar for healthy kidneys and for lupus nephritis (Table IV) , suggesting that the nephron population examined in lupus nephritis was as homogenous with respect to LDH ac-POLLAI, 1ONTINC, MUE14RCKt AND KARK tivity as was the nephron population of healthy kidneys. The only exception to this was in the case of grossly ischemic and probably nonfunctioning nephrons (Table III) in which the LDH activity was extremely low.
The relationship between the histology of the glomeruli and their weight, diameter and density. In lupus nephritis fibrinoid and hyaline materials are deposited on the endothelial surface of the glomerular basement membrane, and there is frequently an increase of both endothelial and epithelial cells. A wide variety of other changes also occurs in the glomeruli (2) . The finding that the weight of glomeruli was 40 per cent greater in lupus nephritis than in healthy kidneys was consistent with these histological observations. The * most severe and most widespread histological changes were seen in active lupus glomerulonephritis, in which condition the glomeruli were heaviest, and were found to have the greates't diameter. The densest glomeruli, however, were found in healing lupus glomerulonephritis. In healing lupus glomerulonephritis the active glomerular lesions had almost entirely disappeared, leaving glomeruli which had a diffusely thickened basement membrane as the major lesion. These glomeruli did not look large histologically, and their diameter was similar to that of healthy glomeruli, but their density was greater than that of healthy glomeruli and of glomeruli in both the other groups of lupus nephritis. This was consistent with the finding of diffuse capillary basement membrane thickening. SUMMARY 1. Alkaline phosphatase and lactic dehydrogenase (LDH) activities were measured in the individual anatomic units of the nephron in 18 biopsy and one autopsy specimen from 13 patients with lupus nephritis.
2. Alkaline phosphatase activity was considerably less than normal in the proximal and distal convolutions of the tubules in lupus glomerulitis and in lupus glomerulonephritis.
3. LDH activity was increased in lupus glomerulonephritis but not in lupus glomerulitis. The variation of LDH activity from nephron to nephron was no greater in lupus nephritis than in healthy kidneys. In this respect the diseased nephrons were as homogenous as healthy nephrons.
4. The weights of 130 glomeruli from healthy kidneys and of 234 glomeruli from kidneys affected by lupus nephritis were measured. The glomeruli in lupus nephritis were found to be 40 per cent heavier than those from healthy kidneys, and scarred, healed glomeruli were found to be denser than those in which the disease was active.
